The Ultra-Fast Flash Observatory (UFFO) pathfinder is a space mission devoted to the measurement of Gamma-Ray Bursts (GRBs), especially their early light curves which will give crucial information on the progenitor stars and central engines of the GRBs. It consists of two instruments: the UFFO Burst Alert & Trigger telescope (UBAT) for the detection of GRB locations and the Slewing Mirror Telescope (SMT) for the UV/optical afterglow observations, upon triggering by UBAT. The UBAT employs a coded-mask γ/X-ray camera with a wide field of view (FOV), and is comprised of three parts: a coded mask, a hopper, and a detector module (DM). The UBAT DM consists of a LYSO scintillator crystal array, multi-anode photo multipliers, and analog and digital readout electronics. We present here the design and fabrication of the UBAT DM, as well as its preliminary test results.
Introduction
Gamma-Ray Bursts (GRBs) are by far the most energetic events in the sky, with higher peak photon luminosities than any other objects in the universe. They also possess a wide range of redshift factors, from less than one to above eight. Hence, GRB physics exists at the very ends of extreme physics, in terms of both energy and time in the history of our universe. GRBs have been classified into two types according to their γ/X-ray emission characteristics: a short burst with a hard spectrum, typically with a duration of less than two seconds, and a longer, softer type burst [1] . Nevertheless, it is not well known what makes them different, and thus the origin and evolution of GRBs are still big mysteries in high-energy astrophysics. As the early-stage observations of the light curves and emission spectrum are essential to the understanding of the nature of GRBs, there have been significant efforts for coordination of satellite and ground based observations. However, the early-phase observations were often limited by the response of the instruments operated in space. In the case of Swift observatory, for example, the entire spacecraft has to be maneuvered to point toward the GRB position after being triggered by the detection A. JUNG ET AL. UBAT DM 2 of γ-ray bursts, which takes about a minute. Thus, it is difficult to obtain the sub-minute ultraviolet (UV) and visible light curves with Swift [1] . In this regard, it should be noted that the proposed Ultra-Fast Flash Observatory (UFFO) pathfinder is designed to observe subminute GRB light curves by adopting the slewing mirror technology. The UFFO pathfinder is planned to be launched by the Lomonosov spacecraft in November 2011 into a sunsynchronous orbit at an altitude of ~550km. The UFFO pathfinder consists of two instruments: the UFFO Burst Alert & Trigger telescope (UBAT) for the detection of GRB locations, and the Slewing Mirror Telescope (SMT) for the UV/optical afterglow observations [2, 3] , upon triggering by UBAT. The UBAT detects the γ/X-ray photons from GRBs in the energy range of ~5 to ~200 keV (or ~100 keV with employment of an electrical veto system to reduce the effect of internal backgrounds). The LYSO scintillation crystal converts the γ/X-ray photons to UV photons, which eventually become electrical pulses through the chain of multi-anode photomultipliers and pulse-shaping electronics. These electrical pulses are measured and recorded with a period of 2.5 μs. The UBAT is comprised of a mechanical assembly of the coded mask with a hopper and a detector module (DM). The coded mask, located on top of the hopper, is an array of opaque and transparent elements and gives the information on the location of the GRB source by projecting the γ/X-ray images onto the detector plane. The hopper, situated between the coded mask and the UBAT DM structure, supports the coded mask mechanically and acts as a collimator. 
UBAT Detector Module (DM)
The UBAT DM includes the LYSO crystal, MAPMTs, analog and digital boards, high voltage boards, and the support structure, as can be seen in Figure 1 . When the γ/X-ray photons hit the LYSO crystal, it produces UV photons by scintillation in proportion to the energy of the incident γ/X-ray photons. These UV photons are converted into electrons, which are multiplied by the MAPMTs and fed into the analog boards. The analog signals are then processed at the digital boards, where the trigger algorithm is also performed.
Specifications
The specifications of the UBAT DM are shown in Table  1 Table 2 . Properties of LYSO LYSO has many advantages over other gamma spectrometers. We have listed some of them as follows:
LYSO
 high stopping power due to its high density  no need for a cooling system  high spatial resolution by adopting pixelized crystals  simultaneous measurement of X-rays and γ-rays  high light yield  fast decay time LYSO has internal background coming from the beta decay of 176 Lu, with ~300 counts/sec/cm 3 . However, 32ND INTERNATIONAL COSMIC RAY CONFERENCE , BEIJING 2011 3 most of the background is in the high energy regime above 100 keV. If the energy is limited to below 100 keV, the internal background rate drops to ~5 counts/sec/cm 3 , which is similar to the astronomical γ/X-ray background below 100 keV. We employ electrical veto methods to limit our photon detection below 100 keV.
Multi-anode photomultiplier tubes (MAPMTs)
The UBAT DM consists of 36 modules of MAPMTs, with each module composed of 8 x 8 channels. The 36 MAPMT modules are arranged in a square with 6 rows and 6 columns, hence the total 2304 MAPMT channels makes an array of 48 x 48 pixels. Located underneath the LYSO crystal array, each MAPMT channel corresponds to a single LYSO crystal element. The photocathode is made of a bialkali material and the number of dynode stages is 12. Four MAPMT packages are connected to a single UBAT analog board. 
UBAT analog board
The purposes of the analog boards are photon counting and measurement of photon energies. The photoelectron signals from the MAPMTs are converted into digital signals using application-specific integrated circuits, which are measured with an interval of 2.5 μs. The total charges from the MAPMT are summed for each photon event, which is proportional to the incident photon energy and is converted to a pulse duration time (Q-to-T conversion) by the process called KI [4] . The signals from the MAPMT anodes are fed into the ASIC preamplifiers of the analog boards for signal processing, with adjustable gain control to compensate for the gain non-uniformity of the MAMPTs. There are nine UBAT analog boards, with each board handling four MAPMTs with four ASIC preamplifiers. 
UBAT digital board
There is only one UBAT digital board which handles all the UBAT analog boards. The hardware of the UBAT digital board electronics includes FPGA (Field Programmable Gate Array) chips, which perform the trigger algorithm, and the interface with the UBAT analog boards. The trigger algorithm proceeds as follows: when GRBs are detected, a trigger flag is generated and image reconstruction starts by performing cross-correlations between the shadowgram and the mask patterns. Housekeeping and other operation-related functions are also controlled by the FPGA chips. The physical layout of the UBAT digital board is shown in Figure 3 . 
UBAT high voltage board
The UBAT high voltage board provides high voltages to the MAPMT dynodes, which operate at the nominal voltage of ~900 V. EMCO chips are employed to raise the voltage from 10 V, which is supplied from the power distribution board of the UFFO Data Acquisition system. A Gain Control Logic is used to adjust the high voltages.
UBAT DM support structure
The UBAT DM is integrated into the UBAT DM support structure, as sketched in Figure 4 , which not only allows tight packing to endure vibrations at the time of launch but also provides a path to efficiently evacuate the heat generated from the internal circuits. Figure 5 shows an assembly procedure and the assembled structure: a coded mask, hopper, UBAT mechanical box and UBAT DM. 
UBAT interface test
We have carried out interface tests between the UBAT analog boards and the UBAT digital board. The objectives of the interface tests are:  to verify the interface between the UBAT analog board and the UBAT digital board  to confirm the performance of the analog board in response to the light signal
The test setup is shown in Figure 6 . We used an LED light source for an input signal, and USB 8451(NI) for the control and data transfer to PC. A light signal from the LED is reflected by a mirror and hit the pixels of the MAPMTs. The illuminated regions on the MAPMT surface are changed by rotating the mirror. 
Conclusions
We developed a γ/X-ray burst telescope, which is called the UFFO pathfinder, that can observe the early phase of short duration gamma ray bursts with a sub-minute response time. The fast detection mechanism is realized by employing the slewing mirror technique. The UFFO pathfinder consists of two instruments: the UFFO Burst Alert & Trigger telescope (UBAT) for the detection of GRB locations and the Slewing Mirror Telescope (SMT) for the UV/optical afterglow observations. The UBAT is comprised of three parts: a coded mask, a hopper, and a detector module (DM). We have described the subcomponents of the UBAT DM in this report: a LYSO scintillator crystal array, multi-anode photomultipliers, and analog and digital readout electronics. We are in the final stages of development and expect to deliver the instrument for integration with the spacecraft in two months.
